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WITH 23 OTHER PURIFIED EYDEOCAREONS

! . By J. Robert Brangtetter -

SUMMARY

. The knock-limited performance of blends containing General -
Motors triptans in S reference fuel and in an S plus M base fuel

was determined in 17.6, F-3, F-4, and full-scale (single cylinder)
engines. The results obtalined are presented and are compared with
published date from similar tests of 12 aramatics, 10 paraffins
(including highly purified triptene), end 2 olefins. The comparison
of fuels - which is based on a consideration of (a) antiknock
blending sensitivity, (b) lead susceptidility, (c) temperature sen-
sitivity, and (d) comparison of smell-scale and full-scale engine
data - 1s presented by means of bar graphs.

INTRODUCTION

An investigation to determine the antikmock effectiveness of a
number of highly purified camponents of aviation fuels is being con-
ducted under the sponsorship of the NACA. IRach of the camponents is
individually. blended with one of several base fuels and ig then sub-
Jected to knock tests at various operating conditions. Ten.paraf-
finic hydrocarbons (including triptane of high purity received from
the Natlonal Bureau of Standards) and two olefinic hydrocarbons
blended wilth an 85 percent S plus 15 percent M base fuel and leaded
to 4 ml TEL per gallon have been knock-tested in ¥-3, F~4, end full-
scale single-cylinder engines; the results are presented In refex-
ences 1 and 2. Twelve aromatlic hydrocarbons, in addition to belng
tested In the aforementioned manner, have also been knock-tested 1in
a supercharged 17.6 englnes in blends with the B plus M base fusl and
B reference fusl. Data for the arcmatics are presented in refer-
ences 3 to.6 and are summarized in reference 7.
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A study of the engine parformance of General Motors triptane
was concurrently undsrtaxen by the Claveland laboratory at the
request of the Army Air Forces, Alr Technical Service Command. The
progrem included knock-limited performance tests in laboratory
engines (references 8 to 10), in a full-scale single-cylinder engine
(recerences 11 and’'12), in full-scale multicylinder engines (unpub-
lished data), and in flight (reference 13).

As a part of the general investigation of General Mctors trip-
tans, a ccmparative evaluation of triptane with numercus other high-
performance fuels based on tests with a number of engines was con-
sldered desirable. In order to make such an evaluation, blends of
Gensral Motors triptane comparable with those of the highly purified
hydrocerbons (reported in references 1 1o 7) were tested at the NACA
Cleveland laboratory during the latter part of 1944. Presented
herein are: part I, tests and results for General Motors triptane
blended with S reference fuel and the S plus M hase fuel obtalited
with F-3, F-4, and"17.6 engines and a full-scale cylinder; part IT,
e camperison of Genéral Motors triptane data with National Bureau
of Sta.nd.ards triptene data; and pert III,.a comprehenslve compar-
ison of General Motors tripta.ne with the following purifiled hydro-
carbons:

‘Bénzens - - . " 2-Methylbutane (isopentans)

Toluene ) . 2,3=-Dimethylbutane

o-Xylene ' (@1isopropyl)

p-Xylene 2,2-Dimethylbutene (neochexans)

Ethylbenzene 2,2;3-Trimethylbutane

Isopropylbenzene (cumens) (triptane)

Bec-Butylbenzene . - . 2,2,3-Trimethylpentane

te¥t-Butylbenzene . 2,3,4-Trimethylpentane
#-Disthylbenzens »3,3~Trimethylnentane:

2
~Ethyl- 4-methylbenzene 2,2,3,4-Tetramethylpentane
1,3,5<Trinet; l'benzene 2,2,3,3-Tetramethylpentane
" (mesitylens) 2,2,4,4-Totreme thylpentane
1,2 4-Trimethyl'benzene 2,4,4-Trimethyl ~1-pentens
(pseuﬂ.ormene) 2,4,4-Trimethyl-2-pentens

J
J

The primary factors considersd ere (a) a.ntik:nock blending sensi-
tivity, (b) lead susceptibility, (c) temperature sensitivity, and
(d) correlation of amall-scele and .full-scale engine results.

ANATYSIS PROCEDURE
Beceuse of the large amount of hydrocerbon date and its com-

Plexity, only a portion could be effectively presented. Fuel-air
ratios of 0.065 and 0.10 were therefore selected at which to make
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the camparison; they are considered to be representative of the
extreme conditions experienced in flight (cruise and take-off).
"Because engine-performance date at eapproximately these fuel-air
ratios generally fall on the flat portions of curves showlng knock-
limited indicated mean effective pressure as a function of fuel-air
ratio, the date are comsequently not only more reproducible than
thet at other fuel-air ratios but are also less affected by emall
shifting of the arcmatic curves owing to changes in the stoichio-
metric fuel-alr ratio.

The date are generally analyzed on the basis of knock-limited
imep ratio (ratio of imep of the test fuel blend to imep of the
base fuel). This method was preferred because in scme ceses the
knock-limited indicated mean effective pressures were so great that
an evaluation of date in terms of isooctene and lead was impractical.

For the comparison of triptane with the 23 other fuels
(part IIT), bar graphs are used to present the comparative ratings.
The hydrocarbons are, for convenlence, usuelly listed in order of
antiknock performance at each set of englne conditions.

I - TESTS AND RESULTS FCR GENERAL, MOTORS TRIPTANE
Apparatus, Fuels, and Test Procedure

A description of the 17.6, the F-3, and the "research" F-4
engines and the operating conditions used in the present tests are
given in reference 4. The research F-4 engine (called the F-4 engine
throughout this report) is not a package unit but was operated at
F-4 conditions; e magnetostriction pickup unit in conjunction with
a cathode-ray oscilloscope was used to detect knock.

The R-1820 G200 single-cylinder engine and the test conditions
used are described in reference 1. The copnditions are those tenta-
tively recasmonded by the Coordinating Research Council for simulated
cruise ani tnke-off. Pertinenht operzting corditions for the alrcraft-
engine cyliwd~r as well as the 17.6 suglne tests are glven 1in the fig-
ures axzi LeLi.o8.

The fusl-component concentrations and an outline of tests for
the blends of Gemeral Motors triptene are as follows:
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{Tnlet-air [Engine {Triptane in ~ MEL in
tempera~ |speed Jblend (per- final
1
Engine I ire (rpm) Jcent b Base fusl  h)end
(°r) volume (ml/gal)
17.6 250 1800 | 0,1C,20 S-4 0
100 1800 0,20 g-4 o
250 1800 | 0,10,20 S-4 4
100 1800 0,20 S-4 4
250 1300 0,25 85+ S-4 + 15 M-4 4
100 - | 1800 0,25 |857 -4 + 154 M-4| 4
F-4 225 1800 | 0,10,25,50|85:, S-4 + 157 M-4| 4
Fuli-scale 250 2500 0,25  |85% S-3 + 155 M-4| 4
cylinder 210 2000 0,25 85% S-3 + 15% M-4 4

F-3 ratings were also obtained for all the triptane bdlends as well
as for unblended triptane, which was teated with and without 4 ml
TEL per gallon.

Presentation of Results

The General Motors triptam data for the 17 6, F-4, and single-
cylinder aircraft engines are presented in the conventional menner as
curvee of knock-limited indiceted mean effective pressure and Inlet-
alr pressure against fuel-air ratio. TFuel-consumption data were .
recorded omly for control purposes.

17. 6 engine tests - The 17.6 englne performance with O-, 10-,
and 20-percont unleaded blends of triptane in S-4 reference fuel is
presented in figure 1l(a) for tests at an inlet-air temperature of
250° F. Figure 1(b) contains data on O~ and 2C-percent unleaded
blends at an inlet-air tomperature of 100° F. Similar data for
blends leaded to 4 ml TEL per gallon are shown in figure 2. Fig-
ure 3 prosents blends of 0 and 25 percent triptane in the S plus
M base fuel at inlet-air temperatures of 250° and 100° F; these
blends were leaded to 4 ml TEL per gallon. The data on each nf the
flgure sheets showing 17.6 ergine tests were obtained the same day.

F-3 and F-4 ratings. -~ The F-4 ocurves for the S rlus M base
fuel and for blemds of 10, 25, and SO percont General Motors triptane
in this base stuck aro presonted in figure 4; brackoting reference-
fuel curves are also lnocluded. The F-4 and F-3 ratings for all the
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General Motors triptane blends tested are presented in table I in
terms of S-4 plus lead, which are in turn convorbed. to A:my-Na.vy
performance mmlbers._ |

Insesmuch as the F-4 ratings of the triptane blends were deter--
mined ‘'on separate days, knock-limited imep ratios may have been
affected by day-to-day shifts in the power level of the englne.

In order to avoid this possible error,” the F-4 triptane tests were -
repeated and a.ll were made in one day. The resulting curves
(mbrac]nated;) are presented in figure 5. .

IH;;:gge;g.séasle:gxlléég__sgssg- The full-scale cylinder
tests, made at simuleted teke-off and crulse conditions for a
25-percent blend of General Motors triptane in the 8 plus M base
fuel (leaded to 4 ml TEL/gal), sre presented in figure 6. Super-
imposed on these plote are reference-fuel curves that partly bracket
the test curves. The positions of the 8 plus M base-fuel curves
in figure 6 were determined from their positions relative to the
bracketing reference-fuel curves presented in reference 1.

Suymmarization. - The knock-limited imep ratios of the General
Motors trlptane blends obtained with 17.6, F-4, and full-scale
englnes are summarized in table II for fuel-alr ratios of 0.065,
0.07, 0.085, 0.10, and 0.11. Table ITI summarizes leed suscepti-~
bility end temperature sensitivity of triptane blends relative to
the base reference fuels, as determined by 17.6 engine tests. A
sumeary of the antiknock blending sensitivity of General Motors
triptane, based on F-4, F-3, and full-scale test results, is pre-
sented in teble IV. Data on Nationel Bureau of Standards purified
triptene (from references 1 and 2) are also included and will be
discussed in the following section.

IT - COMPARISON OF GENERAL MOTORS AND NATIONAL
BUREAU OF STANDARDS TRIPTANE

The -relative antiknock quallity of Gensral Motors and National
Bureau of Standards (NBS) triptans may be compared on the besis of
the data in table IV. The full-scele cylindsr tests show the NBS
triptane blends to have the seme rich-mixture response as General
Motors triptans. At lean fuel-air mixtures the NBS triptane blends
gave greeter knock-limited ,power, but a comparison of the reference=-
fuel curves presented herein with those of reference 1 show consid-~
erable variation in performance. At a fuel-air ratio of 0.065 a
change in indicated mean effective presasure of 10 pounds per square
Inch in the knock level of the test fuel would affect the performance
number as much as 10 wnits. Because a varilatlon of 10 pounds per square
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inch is approximately the experimental error at lean-mixture con-
ditions, a performence mumber of 141 for the NBS triptane dlend

as campared with 129 for the General Motors blend was therefore .
barely exceeding the limits of experimental error. The ¥-3 ratings
gave performance nmumbers of 130 and 132 for the NBS and the General
Motors triptane blends, respectively.

The F-4 ratings in terms of performance number for the two
triptane stocks blended in concentrations up to 50 percent are com-
pared in figure 7. This correlation of the knock ratings of the
blends at both lean and rich mixtures shows the data to fall close
to the 45° line. Differences in the knock-limited power of the two
semples of triptane are not significant, as shown by the corrélation.

III - COMPARISON OF TRIPTANE AND OTHER HIGH-FERFORMANCE HYDROCARBONS
Camparative Ratings and Discussion

Bar graphs of triptane and the purified hydrocarbon performance
data from tests with 17.6, F-4, F-3, end full-scale single-cylinder
engines are presented in figures 8 to 14. For emphasis, triptane 1is
printed in capital letters on all graphs. A discussion of the data
follows. )

17.6 engine data. - Data from the 17.6 engine are presented Iin
figure 8 for unleaded arumatic and triptane blends and in figure 9
for leaded arcmatic and triptene blends. Figure 9 contains data on -
triptane and the aramestics tested in both the S plus M base fuel and
in S reference fuel. The unleaded 20-percent triptane blend at an
inlet-air temperature of 250° F showed improvement over the best of
the 12 aramatic blends at leen mixtures; at a fuel-alr ratio of 0.10,
6 aramatics gave higher kmock-limited power than triptane. For
leaded blends, except for the lean-mixture ratings at an inlet-alr
temperature of 2500 F, 8 of the 12 aromatice had better antikmnock
blending sensitivity than triptans. (See fig. 9.)

Further comparison of figures 8 and 8 shows that triptane 1s
listed lower relative to the aromatics 1in the leaded blends than In
the unleaded blends. It 1& thus apperent that the "better" aromatics
are more susceptlble to lead than triptane. The positlion 1n which
triptens (both clear and leaded) rated at fuel-air ratlos of 0.065
and 0.10 lowered when the inlet-air temperature wes reduced to 100° F
vhich indicates that, in general, the temperature. sensitivity of the
aromatics was greater than that of triptane.
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F-4 engine data. - Data from the F-4 engine on the paraffins,
olefins, and arametics.are. presented in figures 10 and 11 for O-,
10-, 25-, and 50-pefcent blends in the 8 plus M base fuel. I.ean
ratings 1n terms of performance nmn‘bers are shown in figure 10 and
rich ratings (fuel-air ratio of O, 10) expressed as knock-limited.
imep ratios are shown in figure 1ll. In doth figures the hydro-
carbons are listed in the order of blending performance in the .
25-percent blends, Because the response curve for the 50-percent
blend of 2,2,3 5-tetramethy1pentane became vertical before a fuel-
air ratio ocE 0 10 vas reached, the imep ratio could not: be deter-~
mined, The imep ratio at 0. 10 fuel-air ratioc is at least 2.0, &8’
indioe.ted by an arrawhead in figure 11.

At lean mixtures the antiknock blending sensitivity of triptane .
was higher for concen'brations ‘greater. than 10 percent than that of . -
the other hydrocarbons. An increase 1n power at lean mixtures wes
observed for seven of the paraffins (inoluding triptane) when the
ratio of blending agent to base fuel was increased. Nelther the
aromatiocs nor the olefins showed promise in this respect,

The increase in performance of triptane blends over that of
the base fuel at a fuel-alr ratio of 0,10 was greater than at lean
mixtures but was exceeded by that of several arcmatics (six at the
25-percent concentration) and a nonane; these aromatics-and the
nonane gave relatively low lean-mixture response, The olefin
2,4,4-trimethyl-l-pentone had lower antiknock blending sensitivity
than triptane at a fuel-alr ratio of 0,10; if the comparidon is made
at a fuel-alr ratio corresponding to that for F-4 ratings (approxi-
mately 0.11), however, the olefin would rate higher than triptane.

A three-dimensional plot showing the effect of fuel-alr ratio
and blend concentration on the knock-limited imsp ratio of triptane
and a typlcal aramatic is presented in figure 12. Because of
current interest toluene was selected for this comperison. At each
blend concentration the sensitivity of the toluene blend to fuel-alr
ratio was greater than for the triptane blend, At the 50-psrcent
concentration and a fuel-air ratio-of. 0.10, toluene showed a rapid
rise In the rate-of -power increase, 'This effect was also observed .
for the nonane 2,2,3,3-tetramethylpentane and a number of the bett.er
eramatics, I% should be pointed out, however, thet for blend con-.
centrations of 25 percent or less, F-4 results are not materially
effected by changing the parameter of the comparison from a fuel~alr
ratio of 0,10 to that corresponding to F-4 ratings.

F-3 englne data, - F-3 ratings of the hydrocarbon blends in
both 8 reference fuel .end the S8 plus M base fuel are presented in
flgure 13, '(The data are incomplete owing to the limited supply
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of fusl.) Triptane, clear and leaded, usually had better antikmock
blending sersitivity than any of the other purified hydrocerbons
tested. Several of the pur:l.ﬁed paraffins showed responses nearly
as h:lgh as triptane. Leaded S-4 reference fuel had higher anti-
knock performance than leaded triptane. (S8ee table I

=1 -cy r = The Tull-scale single-cyltndar
date for 25-percent blends of hyﬂrocar‘bon blending agents ln the S
plus M base fuel are presented in figure 14. The blende, leaded to
4 ml TEL per gallon, are presented in the order of their knock-limited
pover at the engine speed and inlet-air temperature simulating crulse
conditions. As also observed for the ¥-3 and F-4 lean performance of
the blends, triptane permitted higher lean-mixture knodk-limitéed
power at the higher speed and Inlet-elr temperature than any of the
other hydrocarbons tested. Three pe.rafﬁns and three aromatics, how-
ever, had canparable responses.

When the engine conditions were moderated, the lean imep ratiocs
of trilptane as well as of the other paraffins were bubt slightly
affected; whereas the imep ratios of the arcmatics and olefins
showed imrrovement. For example, two of the aromatics at a fuel-alr
ratio of 0.065 showed improvements in the performance of the base
fuel that were greater than. twice that obtalnsble with triptane.

At the seme conditions, slx other aromatics gave better response
than triptane, and two of the paraffins and the two olefins showed
e blending sensitivity equal to that of triptane.

At a fuel-air ratio of 0.10, 2,4,4-trimethyl-l-pentene and
.nine arometicy showed greater response than triptane. In fact,
five of the aromatics permitted improvements in the performance of
the base fuel approximately twice that permltted by triptans. Only
one of the elght paraffins equaled the blending abllity of triptense.
The kmock-limited imep ratios of the arcmatics end olefins were
sensitive to the lean-mixture conditions and also showed improvement
with increasing fuel-air ratio, whereas triptane had almost the seme
imep ratios at both fuel-alr ratios and both engine conditlons.
The three trimethylpentanes were similarly affected. Reference 10
Jndicates that this amall effect of changing the operating variables
nmey not hold true for triptens over a broadesr range of engine
conditions.

Correlation of Engine Data
Changes in engines and operating conditions have a- greater

effect on the antiknock blending abllity of the aromatics then on
that of triptane. A more thorough summerization of the hydrocarbons
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can be made by comparing the fuels at the various degrees of severity

.at vhich the blends were rated. Correlations for the full-scale cyl-

inder data at fuel-alr ratios of 0.065 and: 0.10 with the F-3, F-4:(at

0.10 fuel-air ratio), and the 17.6 engine data are presented in Ffig--

ures 15 to 17. These plots are similar to.those used in references 1,
35, end 7. - ’

The full-scale cylinder date plotted against’ the F-3 end F-4
(0.10 fuel-air ratio) data for the 25-percent blenmds of paraffinic,
olefinic, and aramatic hydrocarbonas in the 8 plus'M base fuel are
Presented in figures 15 and 16. The lean-mixture retings for the
paraffinic blends (fig. 15) f£all along the match line, but at a fuel-
air ratio of 0.10 (fig. 16) the paraffins are more responsive in the
full-scale cylinder than in the F-4 englne. Triptans falls close to
the match line. The arcmatics, like the two olefins, are more sen-
sitive in the full-scale oylinder than in the F-3 and F-4 rating
engines. This fact 1s most obvious in the lean-mixture chart com-
paring the F-3 and full-scale cylinder simulated crulse data (fig. 15).

Figure 17 is a correlation of the 17.6 engine data with full-
scale cylinder data for the 12 aramatics and triptane. The
20-percent blends of the hydrocarbons in S reference fuel tested in
the 17.6 engine are plotted ageinst 25-percent blends in the S plus
M base fuel tested in the full-scale cylinder; final blends con-
tained 4 ml TEL per gallon. Because of the difference in blend
composlitions, no theoretical correlation line could be drawn.
Nevertheless, from the figure the correlation between the two
sets of aramatic data at simulated cruise conditions is approximately
linear. (It is at full-scale cylinder cruise conditions that the
F-3 engine falls to differentliate between aramatics of wide anti-
knock ability as measured on the full-scale cylinder.) On the basis
of figure 17, triptane rates in nearly the seme order among the '
arcmatics tested with the 17.6 engine as with the full-scale cylihder.

SUMMARIZATION OF THE ANTIKNOCK CHARACTERISTICS OF 24 E!DR)CARBO!B .

At the most severe lean-mixture conditions (F-4-and F-3) trip-’
tane had better antiknock dlending sensitivity than any of the other
canpounds tested. At milder conditions, as represented by tests on
the full-scale cylinder (cruilse), the performence of arcmatice yas °
Improved compared with that of triptane. Under these conditions
tert-butylbenzene , m~diethylbenzene, l-ethyl-4-methylbenzene, lso-

ropylbenzeno, and several less outstanding lean-mixture aramatics
ethylbenzens, gec-butylbenzens, and 1,3,5-trimethylbenzens) had
greater antlknock blending sensitivities than triptane., The peraf-
fing 2,3-dimeothylbutans and 2,2,3-trimethylpentane as well as the
two olefins had blending sensitivities comparable with that of
triptens in the full-scale cylinder (cruise) tests.
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In the 17.6 engine tests the behavior of the arommatics was
gimilar to the full-scale oylinder tests. Ih both engines jg;:lz'
butylbenzene and m-diethylbenzene. had about twice the ’blend:l.ng
sensitivity of triptane at crulse conditions.

. At rich nixtures (leuded blends) the order In which triptane
reted emong the hydrocarbons wes about the same in the full-scale cyl-
inder, 17.6, and F-4 engines. A nonane 2,2,3,5-tetramethylpentene
(tested only on the F-4 engine), an.olefin 2,4,4-trimethyl-l-pentene,
and at least seven aromatics had better u.ntik:nock blending senslitivity
than tripteane. Five of these aromatice - m-diethylbenzene, tert-
butylbenzene, 1,3,5-trimethylbenzene, p-xylene, and 1-ethyl- 4-methyl-
benzene — were the best rich-mixture blending egents tested;
2,2,3-trimethylpentane was slightly lower in antiknock blendling abil-

ty than triptans.

At rich mixtures, decreasing the inlet-alr temperature of the
17.6 engine had - 1ittle effect-on the performence of triptane relative
to the base ‘fuel but did improve the performance of the aromatics.
The effact of lowering the engine speed and lnlet-alr temperature on
the Imep ratios of the 22 hydrocarbons tested on the full-scale cyl-
inder was-insignificant.

Figures 18 and 19 present, in the form of bar graphs, relative
lead susceptlbility and relative temperature sensitivity of the aro-
matics and triptane as determined with the 17.6 engine. In general,
the lead response of triptane was lowsr than thet of the better aro-
matics; the lead susceptibility of the aromatics apparently increaesed
wilth antiknock blending abllity. From referencs 14 the lead sus-
ceptibllity ef one pareffin relative to another 1s approximate
mity.

The foregoing remarks on lead susceptibility are applicable to
a ccmparison of the temperature-sensitivity data of triptane and
the aromatics. At a fuel-air ratlo of 0.065 the aromatics that
showed considerable sensitivity to inlet-alr temperature in the
17.6 engine (fig. 19) were, in generel, sensitive to the change in
full-scale cylinder operating comditions (fig. 14).

Although.the lean-mixture imep ratios of the two olefins were
greatly improved by modifying thé full-scale cylinder operating con-
ditions, the performance -of the paraffins was comperatively unaffected .
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From this discussion 1t can be expected that the olefins and the
pareffins would, in general, respond to. inlet-air temperature in ..
“the 17.6 englne much the sems.as they d.id. to operating conditions
in the. full-scale cylinder. . . L

Alrcraft Fngine Research Laboratory, :
National Advisory Committee for Aesronautics,
Cleveland, Ohio, May 15, 1945.
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TABLE I - F-4 AND F-3 RATINGS OF GENERAT. MOTORS TRIPTANE BLENDS

Blend composition Tetra- F-4 ratings F-3 ratings
(percent by volume) |ethyl
Lean Rich
Trip-|S-4  |8C per- |lead S-4 + TEL| Perform-
tane |refer-|cent S-4 (ml/ S-4 + TEL|Perform-|S-4 + TEL;Perform- (mL /ga.l) ‘ ance
ence |+ 15 per-| 8al) |(ml/gal) |ance (ml/gel) lance number
fuel |cent M-4 number number
0 s 100 4 0.50 116 0.21 108 0.31 il
10 0 90 4 .80 122 1.14 i28 .5 116
S 0 75 4 1.85 137 2.56 144 1.4 132
50 0 50 4 3.53 150 36.700 8185 1.89 137
1o 90 0 L O ] DL EEET EEEEEERETS EEEET P 0.02 101
20 80 0 0 L Ll ECE T EEEEEPEET EEEET TR 10 104
150 o] 0] [ T T B e DT BT B .08 103
10 U 0 A B P R ] bttt 3.8 151
20 80 0] L I L T R T ) 3.65 151
100 ] 0 L D e nr Lo DR EEE PR e 3.3 149

EEstimated performance number of test fuel =

161 X imep of test fuel

imep of 3 + 6 ml TEL/gal’

National Advisory Camittee
fcr Asronautics
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TABLE IT - TEST RESULTS OF SUPERCHARGED ENGINE TESTS OF GENERAL MOTORS TRIPTANE BLENDS

Blend compecsition Tetra-|{ Engine . oo ‘n
(percent by volume) Jethyl cond1tions TFuel-alr ratic
Trip-|8 ref-{e5 per- |lead |Engine|Inlet- ! _ .
tany |erence|cons 8 |(ml/ |epocd |air 9.685 0.07 9.085 5.10 0.11
[ . - 1 ! K]
fuol |+ 1;_’ iﬁef gal) | (rpm) t:mp:r imep| imep "_mepl Imey mepi imep }imep| imep }imep| imep
cent & 3;,’ ratict ratic® ratic? ratic? ratic®
(°F) ! 1
17.5 ongine .
16 | 90 0 o | 1800 | 250 {121 | 1.02 {125 | i.02 [142 | 1.0> {169 | 1.09 {173 | 1.1G
20 | 86 9 3 120 | 1.08 130 { 1.97 l150 | 1,00 J181 11,17 j189 | 1.20
20 | 8o 0 o | 1800 | 100 {182 ! 1.16 l177 1 1.15 [am | 1.21 196 ! 1.20 106 | 1.20
10 ac ) 4 11800 | 2s0 216 | 1.08 l222 ' 1.96 Y252 | 1.09 {276 ! 1.10 {277 | 1.10
20 | 80 0 4 l233 | 1.135 |242 § 1.16 1279 | 1.22 |309 | 1.23 {312 | 1.24
20 | 80 o 4 | 1800 100 |330 | 1.20 [318 ] 1.18 |s2¢ | 1.22 {325 | 1.20 {320 | 1.19
25 | 0 75 ¢ | 1800 250 l1sa ' 1,24 l185 ! 1.24 l21g | 1.32 |2s1 | 1.30 |227 | 1.28
25 0 75 ¢ | 180c | 200 |240 | 1.28 l2s9 ! 1.20 |eas | 1.31 |246 | 1.31 |237 | 1.28
F-4 engine
10 0 90 4 | 1800 | 2z2= [z 1.924¥132 V1.05 1172 1 1.08 |187 ! 1.00 (190 | 1.1
25 0 75 4 124 | 1.12 {153 | 1.21 |200 | 1.26 |222 | 1.29 |224 | 1.30
50 0 50 4 165 | 1.49 [19C | 1.51 ;264 | 1.66 ;297 j 1.73 1299 | 1.74
Full-scale cylinder
1 1 1 i
25 0 75 & 2500 250 j1s2 | 1.28 i192 | 1.26 {251 | 1.34 (278 | 1.28 |289 | 1.25
25 75 4 12000 [ 20 lie3 | 1.28 |e01 | 1.26 |238 | 1.28 |275 | 1.27 [286 | 1.25
Bimep ratio = imep of triptane blend'

imep of base fuel

National Advisory Commlttee
for Aeronautics
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TABLE III - LEAD SUSCEPTIBILITY AND TEMPERATURE SENSITIVITY

OF GENERAL MCTORS TRIPTANE BLENDS

[17.6 engine; compression ratic, 7.0; engine speed, 1800 rpm;
outlet-coolant temperature, 212° ¥; spark advance, 30° B.T.C.]

(a) Lead Susceptibility

Blend campositicn [Inlet- | pejative lead susceptibility®
(percent by volume) lair
Triptane{S reference t:mper- Fuel-air ratlo
fuel ature

(°r) 0.065}f 0.07]0.085} 0.101%0.11

i 0 100 258C 1.60 1..00 ]| 1.00 1.0011.00

| 10 90 25¢ 1.03 i 1.0411.08 1l.01L1V1.00

20 82 250 1.05 1.0811.12 1.0511.03

0 100 120 1.00 1.0041.00 1.00 1 L.00

] 20 80 120 1.03 471.03 1.C1 1.00 .89

BRelutive lead susceptibility eqnals imep ratio of blend plus
4 ml TEL/gal divided by imep ratio of blend plus O mi

TEL/ugnl.

(b) Tamporature Sensitivity

Blend composition ITetra- 1at t 1t1vity®
(percent by volums) 'etLyl Relative temperature sens vity
Trip-}S ref-|85 per- l;id Fuel-air ratio
tane {erencejcent S (_ /
fuel |+ 15 per- wel)
cent M 0.065 10,07 0.085} 0.1.0 0.11
0 130 0 0 1.00 1.00 1.00 1.00! 1.0C
20 80 0 4] 1.07 1.07 1.11 1.03 1.00
0 100 0 4 1.00 {1.00 1.00 1.00: 1 00
20 80 0 4 1.06 1.02 1.00 .28 .96
0 4] 100 4 1.00 {1.00 1.0D0 1.00 ] 1.00
25 0 75 4 1.03 1.04 .99 1.01 1.90

éRelative temperature sensitivity equals imep ratio at inlet-air
temperature of 100° F divided by imép ratio af inlet-air tem-

perature of 250° F.

Natlonal Adviscry Committee
for Aeronautics
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TABLE IV ~ COMPARISON OF ANTIKNOCK BLENDING SENSITIVITY DATA ON GENERAL MOTORS TRIPTANE AND NATIONAL BUREAU OF STANDARDS‘TRIPTAHR

Engine

Blend composition Source
(percent by volume) conditions of Test results
Trip- |85 percent |[Engine|Inlet- E:gz- Performance Fuel-air ratio
tane |S +15 per- |speed fair number 0.065 0.07 0.085 0.10 0.11
+4 ml |cent M+4 ml|(rpm) |temper-
TEL/gal | TEL/gal ature Lean Rich imep | imep | imep | imep | imep | imep | imep | imep imep | imep
(°F) mixture|mixture ratio? ratio? ratiod ratio? ratiod
F-4 engline
10 90 1800 225 GM 122 128 113 1.02 132 1.086 172 1.08 187 1.09 190 {1.11
NBS? 130 127 148 1.09 157 1.08 179 1.08 1386 1.09 185 1.08
25 75 1800 225 GH 137 144 124 1.12 1583 1.21 200 1.26 222 1.29 224 1.30
NBSb 139 146 149 1.10 178 1.22 208 1.25 227|- 1.27 229 1.27
50 50 1800 225 GM 150 |---==-- 1€5 1.49 190 1.51 264 1.€€ 297 1.73 299 1.74
NBSb 150}=-===== 178 1.31 198 1.36 276 1.66 307 1.72 312 1.73
F-3 engine .
25 75 1200 {--=-e-- GM LT I B i GOl EEFPTES EEREEE e P R [, "
NBs® BT ] R R Lokhtl AT CETTE SEPEETS PERRER N I B
Full-scale cylinder
25 75 2500 250 GM dj29 €144 182 1.28 192 1.2€ 251 1.34 278 1.28 2897 1.25
NBs® 9141 €141 201| 1l.40 202! 1.31 249)- 1.33 272 1l.28 281 1.27
25 75 - 2000 | 210 (oM 130 |°147 |193 |1.26 |e;x |r.26 |ess |l.e8 275 |1.27 ] =2e6: |1.25
NBS® 4135 ©144 202 1,35 204 1.31 232 1.26. 272 1.30 282 1.25

'aimep ratio =

imep of test fuel

imép of base fuel’
bpata from reference 2.
CData from reference 1.
dPerformance number determined at fuel-air ratio of 0.065.
€performance number‘determined at fuel-alr ratlo of 0,10.
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FOR AERONAUTICS

"ON YW VOVN

1393

91



ACA MR No. EDBEID

C NATIONAL ADVISORY
FCOMMITTEE FOR AERONAUTICS

R

=’
\n
(=]

IRRAS AEARE RERAS LARAI T TI1Y 18 AR RS CARAE BB

3
Y

LARS RAAAE AL
L.

pressure, in, Hg abs,

\
15
|

o

30

Knock-1imited inlet-air

LA

saaad iy

>

N

\

b

122 RERSS RASES RASEY RAREE RAARD AARAE RERA]
3
-
Lidl

N

isfc, lb/hp~hr

a

sttt by

10td

R

N

-
=
al

IANS:RARES REARE AN
% q
Litl

Fuel

o S-4
C 20 percent triptane + 90 percent S—
0 20 percent triptane + 80 percent 3-UY

ladtdaal

ALl

‘\~\\\<l

\

"
On

IEREN ENEN]

:
{

.)
*23

A8 A2 RAANS SARR

ITENE NN

5

AR RAALS RASAR RALSE LEAAS

o4 &
el

Knook-1limited imep, 1b/sq in,

[
n
=]

ISR U ENY FNNAS SNE R

17.6 ngire

L
T HEEE FE TN U TTI NEREI SV FRENE FENSE EURRI FERE SN S SN NE T EENV I SR ENI SN e SENUI NN ENI NERUE NEN]

«05 «06 «07 «10 11 12 .13

009
Fuel-air ratio
(a) Inlet-ailr temperature, 2500 F,
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fuel in a 17.6 englne. Compression ratio, 7.0; engine speed, 1800 rpm; spark advance, 30° B.T.C.;
outlet-coolant temperature, 212° P,
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{b) 10 percent General Motors triptane plus 90 percent (85 percent S-l4 plus 15 percent M-4)
plus ﬁ ml TEL per gallon.
Pigure 4, - Continued.
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Fuel-alr ratio
(c) 2? pereent General Motors triptane plus 75 percent (&5 percent S-4 plus 15 percent
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Figure 18. - Relative lead susceptibllity (imep ratio of blends leaded to 4 ml TEL/gal to imep ratio of
unleaded blends) of triptane and 12 aromatlcs In S reference fuel as determined in a 17.€ englne.
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Flgure 19. - Relative temperature sensitivity (imep ratio at inlet-air temperature
of 100° F to imep ratio at inlet~alr temperature of 250° F) of 20-percent blends
of triptane and 12 aromatics in S reference fuel as determined in a 17.6 englne.
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